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Abstract
Background  Patients with suspected heart failure (HF) often present first to general practitioners (GPs). Timely and accurate 
HF diagnosis and reliable prognostic information have remained unmet goals in primary care, where patient evaluation often 
relies on clinical assessment only. The Handheld-BNP program investigates whether additional use of portable echocardiog-
raphy (ECHO) and point-of-care determination of B-type natriuretic peptide (BNP) improves the accuracy of HF diagnosis 
and aids risk prediction in primary care.
Methods and results  A research network was established between 2 academic centers, 2 × 6 cardiologists, and 2 × 24 GPs 
inexperienced with ECHO and BNP. The Training Study investigates the feasibility of implementing GP use and interpre-
tation of ECHO and BNP. After training, competence is assessed using multiple-choice testing (pass mark: > 80% correct 
diagnoses). In the cluster-randomized four-arm Screening Study, each GP passes in random order through four study arms: 
clinical assessment (CA), CA + BNP, CA + ECHO, and CA + ECHO + BNP. Cardiologists’ diagnoses serve as reference. 
Primary endpoint is the rate of correct GP diagnoses per study arm. In the Prognostic Follow-Up Study, patients are followed 
up centrally for 72 months. Forty-four GPs were successfully trained. With 225 ± 34 (75 ± 3) and 233 ± 28 (81 ± 7) min, 
respectively, total ECHO (BNP) training times were similar between centers I and II. Furthermore, training results did not 
differ between centers.
Conclusions  Standardized training of limited duration enabled GPs to use ECHO and BNP for HF diagnosis. The Handheld-
BNP program will provide robust evaluation of the diagnostic effectiveness and prognostic value of these tools in primary 
care.
Trial Registration  http://www.controlled-trials.com (ISRCTN23325295).
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Introduction

In developed countries, the prevalence of heart failure (HF) 
is approximately 1–2% of the adult population, increasing to 

≥ 10% in individuals > 70 years of age [1–3]. The life-time 
risk of HF at age 55 is 33% for men and 28% for women [3]. 
HF significantly increases mortality risk and is associated 
with poor quality of life and high treatment costs, mainly 
due to frequent hospital admissions [4, 5]. Thus, there is an 
urgent need for effective diagnostic and treatment strategies 
in HF.

Patients with signs and symptoms potentially indicative 
of HF usually present first to their general practitioner (GP) 
[6–8], but accurate diagnosis of HF has proven challeng-
ing in primary care, because HF signs and symptoms are 

Electronic supplementary material  The online version of this 
article (https://doi.org/10.1007/s00392-017-1181-3) contains 
supplementary material, which is available to authorized users.

 *	 Christiane E. Angermann 
	 Angermann_c@ukw.de

Extended author information available on the last page of the article

http://www.controlled-trials.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s00392-017-1181-3&domain=pdf
https://doi.org/10.1007/s00392-017-1181-3


	 Clinical Research in Cardiology

1 3

non-specific, particularly in the elderly and in the presence 
of comorbidities [7, 9, 10]. Previous studies have reported 
that GPs show low diagnostic accuracy and high propor-
tions of incorrect diagnoses in patients with suspected HF 
[11–13]. In particular, over-diagnosis of HF has been well 
documented, and only 25–50% of patients with a clinically 
based GP diagnosis have the presence of HF confirmed on 
specialist evaluation [11, 12, 14]. Therefore, if no further 
assessment was made, up to 50% of patients diagnosed with 
HF by their GP could receive inappropriate therapy. Avail-
able data suggest that, in reality, a large proportion of such 
patients are not referred for cardiologist assessment [8, 15].

Definite diagnosis of HF requires cardiac imaging allow-
ing for thorough morphological and functional cardiac 
assessment [16]. The investigation most commonly used 
to confirm or exclude HF is echocardiography. There are 
several factors that impact on the application of echocardi-
ography for HF diagnosis, including cost, availability, and 
capacity, particularly in primary care.

Diagnostic uncertainty and misdiagnosis are unresolved 
problems that constitute a major obstacle to optimal patient 
care in the community. Given that prognosis in HF patients 
is related to disease stage, and evidence-based therapies 
have been shown to ameliorate HF symptoms, slow disease 
progression, and improve clinical outcomes in patients with 
overt HF [1, 17–20], there is need for a diagnostic algorithm 
to improve the speed and accuracy of HF diagnosis by GPs.

Growing evidence suggests the potential utility of natriu-
retic peptides (NPs) as diagnostic cardiac biomarkers. For 
many years, European Society of Cardiology (ESC) guide-
lines have recommended measurement of NP concentrations 
as an initial diagnostic test in suspected HF when echocar-
diography is not immediately available, especially in the 
non-acute setting [16, 21, 22]. Elevated NP concentrations 
help to establish a working diagnosis, with patients having 
normal levels unlikely to have HF [16]. NPs have proven 
useful in the differential assessment of patients with dysp-
noea in the emergency department [23–25] and improved 
the diagnosis in patients referred to a rapid access hospi-
tal clinic, in whom HF was suspected on clinical grounds 
[14]. In addition, various studies have suggested that NP 
measurements might also enhance HF diagnosis in primary 
care, albeit probably not as a diagnostic tool in its own right 
[26–33]. In a large Dutch trial, NP determination was the 
most powerful supplementary diagnostic test when added 
to standardized diagnostic work up in primary care patients 
with suspected HF [34].

The availability of point-of care systems for biomarker 
testing (POCT) makes on-site NP measurement from capil-
lary blood feasible and easy, eliminating the need to trans-
port blood samples for biomarker assessment elsewhere. 
Satisfactory correlations have been shown between POCT 
results and values measured by central laboratory testing 

[35–39]. A recent systematic evaluation of immunoassay 
POCT confirmed excellent practicality and satisfactory 
analytical performance for B-type NP and other biomarkers 
in various clinical settings, suggesting that POCT of NPs 
might potentially enhance real-time management of patients 
with suspected HF at a moderate cost, although longer term 
outcome data from such investigations are not yet available 
[40]. In a survey of Dutch family practitioners, B-type NP 
was one of the most desired POCT, but was not yet in wide-
spread routine use [41].

One reason for current underuse of NP testing in GP prac-
tices might be uncertainty about the best cut-off levels to 
apply, especially in patients with sub-acute symptoms [42]. 
Results of NP studies performed in the community are often 
inconsistent with studies in clinical or emergency settings. 
Moreover, NP concentrations are modulated not only by 
age and sex, but also by various common comorbidities and 
risk factors [43–45]. Observational findings in primary care 
patients demonstrated poor correlation of B-type NP with 
echocardiographic parameters of LV dysfunction [46], and 
the positive predictive value for cut-off values recommended 
by the current guidelines in the non-acute setting is low, thus 
limiting their value as an HF screening tool. Of note, the 
English National Institute for Health and Care Excellence 
(NICE) currently recommends much higher NP thresholds 
to trigger referral to echocardiography and specialist assess-
ment in patients with suspected HF [47]. As recently dem-
onstrated by meta-analysis, using separate cut-off values for 
“ruling in” and “ruling out” HF while creating a “grey zone” 
in between also does not improve the proportion of patients 
with correct HF diagnoses [11].

Advances in technology have also led to the development 
of miniaturized, portable echocardiographic devices, pro-
viding the potential to extend the use of echocardiography 
to the bedside and to healthcare professionals other than 
cardiologists. Comparative assessment showed good corre-
lation between diagnostic results obtained with these hand-
held devices compared with standard echocardiography and 
confirmed their safety [48, 49]. Although the lack of spectral 
Doppler and lower resolution of many miniaturized echocar-
diography devices limit assessment of left ventricular (LV) 
filling characteristics and of valvular disease, satisfactory to 
excellent capabilities in detecting LV systolic dysfunction, 
LV hypertrophy, significant mitral incompetence and other 
cardiac abnormalities have been demonstrated in various 
clinical settings and patient populations [48, 50–53]. Since 
the introduction of portable echocardiography machines into 
clinical practice, evidence is growing that their availabil-
ity may increase the diagnostic accuracy of cardiovascular 
assessment and lead to modification of clinical diagnosis and 
subsequent patient management [54, 55].

The benefits achievable with portable echocardiography 
seem to apply to fully qualified cardiologists and internists, 
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as well as junior doctors, medical students, and GPs [48, 
53, 56–58]. However, questions such as the kind of train-
ing required to operate the devices and interpret the results, 
and the ultimate diagnostic yield achievable by portable 
echocardiography in various clinical situations are still the 
subject of ongoing research. Both the American Society 
and the European Association of Echocardiography agree 
that examinations with handheld ultrasound devices cannot 
substitute for standard echocardiography and recommend 
that non-cardiologists should undergo dedicated, individual-
ized training in performance and appropriate interpretation. 
Furthermore, quality control to ensure appropriate use and 
accurate diagnosis based on examination results is advised 
[59, 60].

In the past, training programs in portable echocardiogra-
phy have ranged from 2-h bedside tutorials to several hours 
or even days of didactic and practical training, with variable 
outcomes [48]. More recently, studies in which internists or 
GPs employed handheld devices in patients with suspected 
HF yielded encouraging diagnostic and prognostic results 
[53, 56, 57, 61], but larger scale prospective trials using a 
randomized controlled design are lacking.

The three-part Handheld-BNP program was designed 
to investigate the diagnostic and prognostic effective-
ness of portable echocardiography (ECHO) and POCT 
B-type NP measurement (BNP), alone and in combination 
(ECHO + BNP), when added to clinical assessment com-
pared with clinical assessment alone in diagnostically naïve 
patients attending GP practices with signs and symptoms 
potentially indicative of HF. The aim of the Screening Study 
is to clarify whether and to what extent the use of these tools 
in addition to clinical assessment improves the diagnostic 
capabilities of GPs compared with the reference diagnosis of 
cardiologists. The Prognostic Follow-Up Study investigates 
whether GPs’ and cardiologists’ diagnosis, and ECHO and 
BNP results provide clinically relevant prognostic infor-
mation over a 6-year observation period. In the preceding 
Training Study, a structured, quality-controlled training pro-
gram was developed and applied to enable GPs to perform 
and interpret ECHO and BNP and utilize the test results in 
HF diagnosis. In this manuscript, we describe the rationale 
and design of the Handheld-BNP program and report the 
training contents, time requirements and results for 44 GPs 
participating in the training program in two different regions 
of Germany.

Methods

Study design and setting

The Handheld-BNP program was developed within the 
Competence Network Heart Failure [62] in collaboration 

with the Clinical Trial Center Leipzig, Germany, as an 
investigator-initiated prospective, controlled, cluster-ran-
domized four-arm multicenter trial. The study is coordi-
nated at the University Hospitals Würzburg and Essen, 
Germany, funded by the Federal Ministry for Education 
and Research (BMBF), and performed in accordance with 
the Declaration of Helsinki and Good Clinical Practice. 
The study protocol was pre-registered at http://www.con-
trolled-trials.com (ISRCTN23325295) and approved by all 
responsible Ethics Committees.

Organization and site selection

Physicians at the two University Hospitals (center I: Wür-
zburg, Bavaria; center II: Duisburg-Essen, North Rhine 
Westphalia) initiated the Handheld-BNP program by each 
choosing six local cardiologist practices as cooperating 
sites. Each partner cardiologist was asked to identify four 
referring general practices (Fig. 1). GPs with the previous 
experience in ECHO or BNP were not eligible. One car-
diologist practice and four referring GPs were defined as a 
study cluster. Cardiologists and GPs committed to comply 
with the Handheld-BNP program protocol by signing a 
formal contract, which also regulated reimbursement for 
patient contribution and reference assessment. GPs also 
consented to undergo structured ECHO and BNP training. 
Information on serious adverse events (including death 
and hospital admissions) is sought from all participating 
physicians and patients by telephone. In addition, stand-
ardized questionnaires are sent to GPs and patients by reg-
ular mail. Further information is collected by other means 
(e.g., death certificates and hospital letters).

Equipment

Portable echocardiography ECHO is performed using 
a portable battery-operated OptiGo® ultrasound device 
(Philips Medizinsysteme Ultraschall, Hamburg, Germany) 
equipped with a 2.5 MHz phased-array transducer and a 
compact flash card for image storage. Scan options include 
B-mode and color Doppler imaging. The OptiGo® device 
has no spectral Doppler capabilities.

Point-of-care determination of B-type NP Plasma 
B-type NP levels are determined using a rapid fluores-
cence immunoassay (Triage® BNP Test) implemented on a 
portable Triage®MeterPlus device (Biosite Diagnostics, La 
Jolla, CA, USA). This point-of-care device delivers results 
within 15 min on a paper printout. Stability characteristics, 
precision, and analytical sensitivity of the Triage® BNP 
Test have been previously described [63].

http://www.controlled-trials.com
http://www.controlled-trials.com
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Training

To ensure comparable basic knowledge about the clinical 
diagnosis of HF, the Framingham and National Health and 
Nutrition Examination Survey (NHANES) criteria for HF 
[13, 64, 65] were discussed during the training, and associ-
ated literature was distributed.

The ECHO training program was developed by investiga-
tors at the University Hospital Essen according to the recom-
mendations of the American Society of Echocardiography 
[60], and delivered at both study centers in a standardized 
fashion by experts. The training consisted of hands-on ses-
sions, case studies, and didactic handouts (see online supple-
ment for more details). During hands-on sessions, GPs were 
trained to follow a simplified imaging protocol of the LV 
parasternal long- and short-axis views and the apical four-
chamber view, and instructed to recognize LV enlargement 
and decreased systolic function as possible indicators of HF 
with reduced systolic function (HFrEF), and LA enlarge-
ment and increased LV wall thickness as possible indicators 
of HF with preserved ejection function (HFpEF).

Each GP performed at least two B-type NP measure-
ments using the Triage®MeterPlus to allow familiarization 
with practical aspects of the procedure. In the absence of 
B-type NP cut-off values validated specifically in patients 
presenting with suspected HF in primary care, and because 
GPs tend to over-, rather than under-diagnose HF [11, 14, 

66, 67], the Handheld-BNP program uses B-type NP cut-
off values validated previously in patients presenting with 
dyspnea to hospital emergency rooms [23–25]. Details of 
the validation of these cut-off values are provided in the 
online supplement. With the goal of predicting, rather than 
just ruling out, HF, GPs were advised that HF was unlikely 
to be the cause of a patients’ signs and symptoms if the 
B-type NP level was < 100 pg/mL, whereas a B-type NP 
level > 400 pg/mL indicated that HF was the most prob-
able diagnosis. To overcome the uncertainty of the ‘grey 
zone’ in between both values, GPs were asked to carefully 
consider all available clinical information and use ECHO 
for further clarification if available to them at that time 
before their final diagnostic decision. Handout materials 
with information on BNP levels in health and disease and 
on potential confounders as age, sex, body weight, atrial 
fibrillation, renal dysfunction, or infections [43–45] were 
distributed.

All GPs participated in at least two training sessions, 
4–6 weeks apart (Fig. 1). After each session, training suc-
cess was evaluated with a case-based multiple-choice test 
(pass mark: > 80% correct diagnoses). If the pass mark 
was not achieved, repeat training and further testing were 
scheduled. Training times until each GP felt confident to 
perform and interpret ECHO and BNP and passed the test 
were measured.

Fig. 1   Selection of participating 
physicians and flow of the train-
ing study. BNP B-type natriu-
retic peptide measurement using 
Triage®MeterPlus (Biosite 
Diagnostics, La Jolla, CA, 
USA), ECHO handheld echo-
cardiography using OptiGo® 
(Philips Medizinsysteme Ultra-
schall, Hamburg, Germany), GP 
general practitioner
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Randomization

Each cardiologist practice has two portable OptiGo® ultra-
sound devices and two Triage®MeterPlus devices available, 
which are supplied to the four referring GPs of the study 
cluster according to an allocation scheme generated by the 
Clinical Trial Center Leipzig. This randomizes GPs in a 
1:1:1:1 ratio to one of four possible orders in which they use 
each of the four diagnostic approaches: clinical assessment 
only, with ECHO, with BNP or with ECHO + BNP (Fig. 2, 
see Table e1, online supplement, for possible sequences, 
in which GPs might use the different diagnostic modali-
ties). Each diagnostic modality is made available for at least 
5 months with the goal of recruiting and diagnosing at least 
five patients per period. The patients themselves are not ran-
domized, but enter one of the four study arms depending on 
the diagnostic modality available to their GP at the time of 
their presentation.

Study hypotheses and endpoints

In the Training Study, we hypothesized that standardized 
practical and theoretical training of limited duration pro-
vided by experts would enable GPs to make diagnostic use 
of BNP and ECHO in patients with suspected HF based 
on clinical findings. The endpoint was expert training time 
required by GPs to achieve a > 80% test score.

In the Screening Study, we hypothesize that the use of 
either point-of-care BNP testing or ECHO improves the 
diagnostic accuracy of GPs compared with diagnosis by 
cardiologists obtained within 2 weeks of study enrolment, 
and that the best diagnostic results will be achieved when 
GPs have both BNP and ECHO available. The primary 
endpoint is the rate of correct GP diagnoses per study arm. 
Concordance (diagnostic success) or discordance (diagnos-
tic failure) between the GPs’ and cardiologists’ diagnosis 
are determined for each patient to estimate the sensitivity, 
specificity, and positive and negative predictive values of 
each of the four diagnostic modalities. Secondary endpoints 
include the proportions of patients diagnosed by cardiolo-
gists with HF with reduced ejection fraction (HFrEF) versus 
HF with preserved ejection fraction (HFpEF) versus those in 
whom HF is excluded (overall, and in the two regions where 
the study is performed). Furthermore, alternative diagnoses 
in patients, in whom HF is excluded, risk and comorbidity 
profiles, medications according to the cardiologists’ records, 
ECG findings, and mood and quality of life as assessed with 
standardized validated questionnaires will be evaluated in 
the study population. Average time required to perform 
each of the four diagnostic modalities and concordance of 
BNP values with the cardiologists’ diagnosis of HFrEF or 
HFpEF will also be recorded. In addition, we plan to use 
epidemiological data and NP values obtained at baseline to 
determine the most appropriate NP values for HF diagnosis 

Fig. 2   Flow diagram for the 
screening and follow-up stud-
ies. BNP B-type natriuretic 
peptide measurement using 
Triage®MeterPlus (Biosite 
Diagnostics, La Jolla, CA, 
USA), ECHO handheld echo-
cardiography using OptiGo® 
(Philips Medizinsysteme Ultra-
schall, Hamburg, Germany), GP 
general practitioner
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in the Handheld-BNP program population also considering 
patient age and sex.

In the Prognostic Follow-Up Study, we hypothesize that 
the GPs’ and cardiologists’ diagnosis, ECHO results, and 
NP measurements provide clinically relevant prognostic 
information, irrespective of their diagnostic capacity. The 
primary endpoint is all-cause mortality. Secondary end-
points include all-cause hospitalization, possible outcome 
differences between the two study regions, the prognostic 
significance of the GPs’ and cardiologists’ diagnosis (HF 
or not), and the comparative prognostic value of ECHO and 
BNP measurements.

Patient eligibility

Patient eligibility is determined by GPs based on clinical 
history and physical examination. Male and female patients 
aged ≥ 18 years presenting with signs and symptoms poten-
tially indicative of HF (e.g., dyspnea, edema, fatigue, and 
decreased physical capacity) are eligible, if able and willing 
to provide written informed consent. Patients with obvious 
alternative diagnoses (e.g., acute infections) or not providing 
informed consent are excluded. GPs were asked to consecu-
tively approach all suitable patients.

Enrolment visit

To make their diagnostic decision, GPs use all clinical infor-
mation and the study tool(s) available to them at that time. 
They complete a short GP case report form (CRF), in which 
demographics and vital parameters, body weight, heart 
rhythm, New York Heart Association (NYHA) functional 
class, ECHO and BNP results are documented as appli-
cable, together with their diagnosis (HF or not). The time 
required by GPs to apply each diagnostic modality needs to 
be recorded, and blood is drawn and processed for central 
long-term storage (at − 80 °C) and later analysis. Recruit-
ment form, IC sheet, the GP-CRF and serum, plasma, and 
cell samples are transferred to center I on the same day. 
After a quality check, GP-CRFs are transferred to the Clini-
cal Trial Center Leipzig database.

Reference diagnosis

A cardiologist appointment within 2 weeks is allocated 
before patients leave their GP. Cardiologists are not informed 
of the GP diagnosis, and ECHO and BNP results. They per-
form all necessary procedures to reach a conclusive diagno-
sis, including clinical evaluation, 12-lead ECG, laboratory 
assessments, and standard echocardiography and Doppler 
[16, 21, 22]. At the cardiologist visit, patients are also 
invited to complete the 36-item Short Form health survey 
(SF-36) [68] and the nine-item patient health questionnaire 

(PHQ) [69]. If HF is diagnosed, cardiologists are asked to 
document the type of HF and the most probable etiology. If 
HF is excluded, the most likely cause of patients’ symptoms 
must be chosen from the following: anemia, chronic obstruc-
tive pulmonary disease, other pulmonary disease, chronic 
venous insufficiency, coronary artery disease, malignancy, 
obesity, psychosomatic disorder, renal failure, or others. GPs 
are notified of the final cardiologist diagnosis and receive 
treatment recommendations to ensure timely and appropri-
ate medical care.

Long‑term follow‑up

Patients and GPs are contacted for follow-up after 2–3 and 
5–6 years. Both groups receive structured questionnaires by 
ordinary mail, with a pre-paid envelope for return. Alter-
natively, center I team members contact patients or GPs by 
telephone to administer the same questionnaires. Patients 
are asked to report their current symptoms and physical 
capabilities, to complete the two-item PHQ [70], and to 
list visits to GPs and cardiologists and hospital stays since 
enrolment or since the previous follow-up. GPs are asked to 
report patients’ current NYHA class, body weight and blood 
pressure, medications, cardio- and cerebrovascular events 
or interventions, new diagnoses, and number and date of 
visits to GPs and cardiologists and hospital stays since the 
last contact. A subgroup of 200 patients recruited by GPs 
in Bavaria will undergo the second follow-up in person at 
the center I outpatient clinics. For deceased patients, GPs 
complete a death-CRF to document date, place and mode 
of death, as well as the likely cause (cardiac versus non-
cardiac, or unknown).

Statistical analysis

Variables are given as mean (standard deviation), median 
(quartiles), and n (percent), as appropriate. Comparisons 
are made using Student’s t test, Mann–Whitney U test, 
Kruskal–Wallis test, and χ2-testing, as applicable.

In the Training Study, concordance of the GPs’ test results 
with the true test case diagnoses was assessed using kappa 
statistics. In the cluster-randomized Screening Study, the 
primary endpoint per patient is the indicator for concordant 
(= 1) or discordant (= 0) diagnoses of GPs and cardiologists 
using each diagnostic modality. Each GP’s results within 
the four study arms will be compared by statistical methods 
for dependent variables. To account for basic differences 
between individual GPs we plan to calculate a ‘GP-score’ 
describing each individual GP’s performance across the four 
diagnostic options yielding a single value which will be used 
for the primary analysis (see online supplement for more 
details).



Clinical Research in Cardiology	

1 3

Receiver-operating characteristic (ROC) curves and areas 
under the curve (AUC) will be calculated to determine the 
sensitivity, specificity, and optimal cut-off points for the 
ability of ECHO and BNP to facilitate HF diagnosis in the 
subgroups of patients undergoing one or both of these tests. 
Cox regression analysis using multivariable regression mod-
els will be employed to examine the independent prognos-
tic value of abnormal ECHO and BNP. In the Prospective 
Follow-Up Study, survival curves according to HF diagnosis 
(yes or no), ECHO results, and BNP levels are constructed 
using the Kaplan–Meier method. Comparisons are made 
using the log-rank test. Data will be analyzed with SPSS or 
R statistical software. p values < 0.05 are considered statisti-
cally significant. All significance tests are two-sided.

Sample size considerations

Participating GPs estimated that one to three diagnostically 
naïve patients with suspected HF would present to their 
practices each month. Given a response rate of 40–50%, 
recruitment of one patient per month and practice seemed 
realistic. If all 48 GPs were trained successfully and com-
pleted recruitment as anticipated, a maximum of 248 
patients would enter each study arm. Experience to date 
shows that only 41 GPs started recruitment, decreasing the 
expected maximum patient number achievable. Assuming 
an arbitrary concordance rate of 80% between GPs and car-
diologists with clinical assessment only, a 10% increase in 
diagnostic accuracy with either ECHO or BNP, and a 16% 
increase with ECHO + BNP, study power would be > 99%. 
If GPs’ diagnostic accuracy based on clinical assessment 
only would be lower and the increase in diagnostic accuracy 
with the use of ECHO and/or BNP higher, the power would 

increase. If concordance rates between GPs using BNP, 
ECHO, and ECHO + BNP versus cardiologists were lower 
by 2 or 4%, then study power would be 95 or 79%, respec-
tively. If only 30 or 20 GPs were to include five patients 
with each modality, the resulting power would be 93 or 79%, 
respectively. In view of the number of unknown factors, we 
have planned redundant recruitment in the Handheld-BNP 
program, which, if successful, will also allow for sufficient 
patient numbers in each of the four study arms to perform 
the secondary analyses.

Results

Recruitment and characteristics of general 
practitioners

All 12 partner cardiologist practices were successful in 
recruiting four GPs each. Therefore, 48 GPs entered the 
Training Study. During training, four GPs terminated 
participation for various reasons (Fig. 1). After two train-
ing sessions, 42 GPs had passed the multiple-choice test 
successfully and thus qualified for the Screening Study, 
while two GPs had to undergo a third training session and 
testing before they passed. Mean age of the 44 GPs was 
50.4 ± 7.7 years, 91% were males, and mean practice dura-
tion was 21.9 ± 8.1 years, with no difference between study 
centers.

Training results

Mean training times for GPs at the two study centers were 
comparable (Fig. 3). ECHO training times were 225 ± 34 

Fig. 3   Time required to achieve 
sufficient training of general 
practitioners. I Center I (Wür-
zburg), II Center II (Duisburg-
Essen), BNP B-type natriuretic 
peptide measurement using 
Triage®MeterPlus (Biosite 
Diagnostics, La Jolla, CA, 
USA), echocardiography hand-
held echocardiography using 
OptiGo® (Philips Medizinsys-
teme Ultraschall, Hamburg, 
Germany)
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and 233 ± 28 min at centers I and II, respectively (p = n.s.). 
Corresponding time requirements for BNP training were also 
similar at both centers (75 ± 3 and 81 ± 7 min, p = 0.004).

Training success rates are shown in Fig. 4. After the first 
ECHO training, GPs interpreted 80 and 87% of ECHO test 
cases correctly at center I and center II, respectively [κ val-
ues ± standard errors of the estimate (SE) were 0.54 ± 0.06 
and 0.71 ± 0.05, respectively]. After the last training session, 
diagnostic accuracy was higher, at 88 and 92% (0.72 ± 0.05 
and 0.81 ± 0.04), respectively. BNP-based case interpre-
tations had a diagnostic accuracy of 92% (0.83 ± 0.02) at 
center I and 93% (0.84 ± 0.02) at center II.

Discussion

The three-part Handheld-BNP program is an investigator-
initiated, prospective, controlled multicenter trial examining 
whether the use of portable echocardiography and/or point-
of-care B-type NP measurements improves the diagnostic 
and prognostic capabilities of GPs in patients with suspected 
HF. Using a rigorous, four-arm cluster-randomized design, 
the comparative performance of four different point-of-care 
diagnostic algorithms can be evaluated for each participat-
ing GP. In addition, long-term follow-up will provide robust 
data on the prognostic relevance of a HF diagnosis in this 
patient population, and about the predictive value of echo-
cardiographic findings and B-type NP levels obtained at first 
presentation. Cross-region comparisons of patient character-
istics, and diagnostic and prognostic results will allow the 
detection of possible differences between a predominantly 
rural area (Würzburg, Bavaria) and a largely metropolitan 
area (Duisburg-Essen, North Rhine Westphalia) and thus 
enable assessment of the generalizability of the study results.

In the Training Study, all GPs underwent the same struc-
tured, standardized training program. Training contents were 
tailored specifically to the needs of non-cardiologists with-
out the previous experience with either technique. The use 
of quality-controlled training ensured comparable knowl-
edge and skills across all GPs participating in the Screen-
ing Study. Training times and success rates indicated the 
feasibility and effectiveness of the educational modules and 
suggest that widespread implementation could be possible. 
Mean training times of ≈ 4 h for ECHO and ≈ 1.5 h for BNP 
seemed acceptable to trainees and trainers, with only four 
GPs terminating training early. Thus, the Training Study 
demonstrated that standardized structured training of lim-
ited duration enables GPs to use ECHO and BNP for clinical 
decision-making in patients with suspected HF.

Limitations

Despite its rigorous design, the Handheld-BNP program has 
some potential limitations. The first applies to validation of 
HF diagnosis by GPs. Reference standard misclassification 
constitutes a problem inherent in most diagnostic accuracy 
studies that may introduce bias [71, 72]. Criteria for the 
diagnosis of HF have varied considerably across different 
clinical trials. In the Handheld-BNP program, we request 
that diagnosis be based on criteria proposed by the Euro-
pean Society of Cardiology [16, 21, 22], and cardiologists 
are free to perform all tests considered necessary to achieve 
a conclusive diagnosis. Nevertheless, attributing causation 
remains a problem in clinical practice and misdiagnosis 
might sometimes be difficult to avoid in some patients in 
the absence of invasive diagnostic facilities, even for car-
diologists (for example, in elderly patients with multiple 
coexisting diseases and risk factors, especially if LV systolic 

Fig. 4   Scores achieved by 
general practitioners on 
qualification quizzes. I Center 
I (Würzburg), II Center II 
(Duisburg-Essen), BNP B-type 
natriuretic peptide measure-
ment using Triage®MeterPlus 
(Biosite Diagnostics, La Jolla, 
CA, USA), echocardiography 
handheld echocardiogra-
phy using OptiGo® (Philips 
Medizinsysteme Ultraschall, 
Hamburg, Germany)
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function is preserved). On the other hand, using the cardiolo-
gists’ diagnosis as the reference seems appropriate, because 
it reflects the usual diagnostic pathway in Germany, where 
referral to a cardiologist for further evaluation would be the 
next step if HF is suspected.

Another limitation relates to the ultrasound device used 
in the Handheld-BNP program. Scan options of the OptiGo® 
system include B-mode and color Doppler imaging, but no 
spectral Doppler. We chose this simple tool to allow GPs to 
rapidly assess cardiac anatomy and systolic function. We 
were aware that while the findings of LV enlargement and 
decreased LV systolic function on ECHO, in conjunction 
with patient clinical assessment and history, would facilitate 
definite diagnosis of HFrEF, identifying or ruling out HFpEF 
would be less clear cut, since a validated gold standard for 
HFpEF diagnosis is missing [16]. If suspected on clinical 
grounds, a diagnosis of HFpEF needs to be supported by 
objective measures of cardiac structural and functional 
alterations, and an elevated NP level [14, 16]. We trained 
GPs to recognize increased LA size and LV wall thickness 
in the presence of normal LV systolic function as possible 
indicators of HFpEF, but advanced Doppler technologies 
capable of revealing corresponding functional myocardial 
alterations were unavailable to them. We felt, however, that 
GP-performed ECHO should not fully substitute for stand-
ard echocardiography performed by a trained cardiologist. 
Thus, we first aimed to explore the added value of simplified 
ECHO for GPs regarding HF diagnosis, in general. By add-
ing the fourth study arm in the Handheld-BNP program, in 
which GPs have both ECHO results and B-type NP levels 
available, we sought to clarify whether combining both tools 
might help to enhance the diagnosis of HFpEF as well.

Patient selection bias might prove another limitation. This 
would occur if GPs enrolled subjects with an established his-
tory of HF or selected only those they believe to have a high 
probability of HF. To minimize this bias, only diagnostically 
naïve patients were eligible and GPs were asked to consecu-
tively approach all eligible patients for study participation.

Bias could also be introduced by uncertainty about the 
best B-type NP cut-off value in patients with sub-acute 
symptoms in a community setting. On one hand, only a 
minority of patients diagnosed with HF in primary care have 
that diagnosis confirmed by a cardiologist [11, 14, 66, 67], 
and the positive predictive value of the low cut-off values 
recommended in the current guidelines for ruling out HF is 
also low [27, 29, 73, 74]. Conversely, randomized prospec-
tive trials evaluating higher BNP cut-off values in primary 
care, which were largely imputed from studies involving 
patients with dyspnea in the emergency room, are scarce 
in the literature [12, 26], and the ‘grey zone’ between cut-
off values of 100 and 400 pg/mL, which have been recom-
mended for ‘ruling in’ and ‘ruling out’ HF with reasonable 
certainty [74], may limit the practical usefulness of B-type 

NP as a diagnostic tool. Aiming for prediction of HF, 
rather than just ruling this out, we decided to advise GPs 
that HF was unlikely if the B-type NP level was < 100 pg/
mL and probable when the B-type NP level was > 400 pg/
mL, accepting that the study results would be influenced by 
this training strategy with some cases of HF being missed. 
However, these BNP cut-off levels also correspond to those 
included in the current NICE recommendations for refer-
ral of patients with suspected non-acute HF for echocar-
diographic examination and specialist assessment within 
6 weeks of presentation [47].

There might also be a positive GP selection bias, because 
GPs willing to participate in a training program and undergo 
systematic quality-control may be particularly interested and 
motivated, meaning that their diagnostic capabilities might 
not be representative of all GPs.

Finally, few data are available on the concordance rates 
between German GPs and cardiologists, and concordance 
rates from other healthcare systems may not necessarily be 
applicable in this country [75]. Our estimated concordance 
rates are, therefore, arbitrary. However, the planned sample 
size should yield sufficient power even if recruitment goals 
are not met by every GP.

Conclusions

This is the first prospective, randomized controlled trial 
investigating the effectiveness of ECHO, BNP or their 
combination for improving HF diagnosis in a community 
setting in Germany, and will be the largest diagnostic and 
long-term prognostic study in primary care worldwide. The 
findings will inform decisions about more widespread use of 
these tools in general practice, potentially facilitating more 
timely HF diagnosis and appropriate management strategies 
tailored to individual patient risk and needs.
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